There are many blank areas in understanding the brain dynamics and especially how it gives rise to consciousness. Quantum mechanics is believed to be capable of explaining the enigma of conscious experience, however till now there is not good enough model considering both the data from clinical neurology and having some explanatory power! In this paper is presented a novel model in defence of macroscopic quantum events within and between neural cells. The β-neurexin-neuroligin-1 link is claimed to be not just the core of the central neural synapse, instead it is a device mediating entanglement between the cytoskeletons of the cortical neurons. Thus the macroscopic coherent quantum state can extend throughout large brain cortical areas and the subsequent collapse of the wavefunction could affect simultaneously the subneuronal events in millions of neurons. The β−neurexin-neuroligin-1 complex also controls the process of exocytosis and provides an interesting and simple mechanism for retrograde signalling during learningdependent changes in synaptic connectivity.
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Subneuronal macroscopic long-range quantum coherence
There are a couple of models trying to resolve the enigmatic feature of consciousness. The most popular is the Orch OR model (Hameroff & Penrose, 1998) supposing that microtubule network within the neurons and glial cells acts like a quantum computer. The tubulins are in superposition and the collapse of the wave function is driven by the quantum gravity. A string theory model is developed by Nanopoulos (1995) and Nanopoulos & Mavromatos (1996) that is further refined into QED-Cavity model (Mavromatos, 2000; Mavromatos et al., 2002 ) suggesting dissipationless energy transfer and biological quantum teleportation.
The macroscopic quantum coherence is defined as a quantum state governed by a macroscopic wavefunction, which is shared by multiple particles. This typically involves the spaciotemporal organization of the multiparticle system and is closely related to what is called 'Bose-Einstein condensation'. Examples of quantum coherence in many particle macroscopic systems include superfluidity, superconductivity, and the laser. Of these three paradigm systems, the former two (superfluidity and superconductivity) are basically equilibrium systems, whereas the laser is our first example of an open system, which achieves coherence by energetic pumping -this latter idea is of the greatest importance for understanding the general implications of coherence. The laser functions at room temperature and is typical nonequilibrium possibility for coherence to exist and endure at macroscopic and thermally challenging scales! It is expected that observable quantum effects in biological matter be strongly suppressed mainly due to the macroscopic nature of most biological entities, as well as the fact that such systems live at near room temperature. These conditions normally result in a very fast collapse of the pertinent wave functions to one of the allowed classical states. According to Stuart Hameroff (1999) the brain operates at 310K and deviations in brain temperature in either direction are not well tolerated for consciousness. This temperature is quite toasty compared to the extreme cold needed for quantum technological devices which operate near absolute zero. In technology, the extreme cold serves to prevent thermal excitations, which could disrupt the quantum state. However proposals for biological quantum states suggest that biological heat is used to pump coherent excitations. In other words biomolecular systems may have evolved to utilize thermal energy to drive coherence. The assumption/prediction by quantum advocates is that biological systems (at least those with crystal lattice structures) have evolved techniques to funnel thermal energy to coherent vibrations conducive to quantum coherence, and/or to insulate quantum states through gelation or plasma phase screens! The neural cytoplasm exists in different phases of liquid "sol" (solution), and solid "gel" (gelatinous phases of various sorts, "jello"). Transition between sol and gel phases depends on actin polymerization. Triggered by changes in calcium ion concentration, actin co-polymerizes with different types of "actin cross-linking proteins" to form dense meshwork of microfilaments and various types of gels which encompass microtubules and organelles (soup to jello). The particular type of actin cross-linkers determines characteristics of the actin gels. Gels depolymerize back to liquid phase by calcium ions activating gelsolin protein, which severs actin (jello to soup). Actin repolymerizes into gel when calcium ion concentration is reduced (soup to jello). Actin gel, ordered water "jello" phases alternate with phases of liquid, disordered soup. Exchange of calcium ions between actin and microtubules (and microtubule-bound calmodulin) can mediate such cycles. The transition between the alternating phases of solution and gelation in cytoplasm depends on the polymerization of actin, and the particular character of the actin gel in turn depends on actin cross-linking. Of the various cross-linker related types of gels, some are viscoelastic, but others (e.g. those induced by the actin cross-linker avidin) can be deformed by an applied force without response. Cycles of actin gelation can be rapid, and in neurons, have been shown to correlate with the release of neurotransmitter vesicles from presynaptic axon terminals. In dendritic spines, whose synaptic efficacy mediates learning, rapid actin gelation and motility mediate synaptic function, and are sensitive to anesthetics.
Even in the liquid phase, water within cells is not truly liquid and random. Pioneering work by Clegg (1984) have shown that water within cells is to a large extent "ordered," and plays the role of an active component rather than inert background solvent. Neutron diffraction studies indicate several layers of ordered water on such surfaces, with several additional layers of partially ordered water. Thus the actin meshwork that encompasses the microtubules orders the water molecules in the vicinity shielding the quantum entanglement between the tubulins! 2. On the dynamically ordered structure of water Jibu et al. (1994 Jibu et al. ( , 1996 Although the water molecules have many energy eigenstates and so can exchange energy with the radiation field in many different values, we restrict the discussion to the case in which only the two principle eigenstates can take part in the energy exchange. These are taken to be low lying states such that either the probability of transition between two other eigenstates is low relative to that between the two principal eigenstates or the equilibrium populations of the other levels become sufficiently small to allow them to be ignored. This coincides with the conventional two-level approximation in describing energy exchange between atoms and the radiation field in laser theory. Then one sees immediately that the quantum dynamics of the jth water molecule can be described by a fictitious spin variable (1) is assumed for simplicity that electric field is linearly polarized, obtaining = ( , ) E E r t = E eE , where e is a constant vector of unit length pointing in the direction of linear polarization. Then, the radiation field in question comes to be described by a scalar electric field = ( , ) E E r t governed by the usual Hamiltonian:
Let's introduce the interaction between the radiation field and the totality of water molecules by which they can exchange energy in terms of the creation and annihilation of photons, that is energy quanta, of the radiation field. The electric field operator can be divided into positive and negative frequency parts (3)
Then the interaction Hamiltonian of the radiation field and the totality of water molecules becomes (4) , Since the region V maybe considered as a cavity for the electromagnetic wave, it is convenient to introduce the normal mode expansion of the electric field operator
.
Here, ω κ denotes the proper angular frequency of the normal mode with wave vector k. We are mainly interested in the ordered collective behaviour among the water molecules and the radiation field in the region V, i.e. the vicinity of the cytoskeletal proteins. Let us introduce therefore collective dynamical variables for the quantized electromagnetic field given by
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and the collective dynamical variable for the water molecules given by
Then, the total Hamiltonian (6) becomes (10) ε µ
This total Hamiltonian for the system of N water molecules and the radiation field in the region V around the cytoskeletal proteins is essentially of the same form as Dicke's Hamiltonian for the laser system. Therefore it might be expected that water should manifest laser-like coherent optical activity, that is, act as a water laser.
Synaptogenesis in the mammalian CNS
Information in the brain is transmitted at synapses, which are highly sophisticated contact zones between a sending and a receiving nerve cell. They have a typical asymmetric structure where the sending, presynaptic part is specialized for the secretion of neurotransmitters and other signaling molecules while the receiving, postsynaptic part is composed of complex signal transduction machinery.
In the developing human embryo, cell recognition mechanisms with high resolution generate an ordered network of some 10 15 synapses, linking about 10 12 nerve cells. The extraordinary specificity of synaptic connections in the adult brain is generated in five consecutive steps. Initially, immature nerve cells migrate to their final location in the brain (1). There, they form processes, so called axons. Axons grow, often over quite long distances, into the target region that the corresponding nerve cell is supposed to hook up with (2).
Once arrived in the target area, an axon selects its target cell from a large number of possible candidates We have considered the molecular organization of the synapse to reveal the molecular connection between the two neuronal cytoskeletons. It is not surprise that the intrasynaptic β-neurexin-neuroligin-1 adhesion that is central for synapse formation, not only organizes the pre-and post-synaptic architecture but also could mediate interneuronal entanglement. The entangled cytoskeletons then could act as 'unity' or 'holograph'.
The 'holograph' can be defined as object/subject such that every part of it contains all the information possessed by the whole. The "whole in every part" nature of a hologram provides us with an entirely new way of understanding organization and order. If we try to take apart something constructed holographically, we will not get the pieces of which it is made; we will only get smaller wholes. The neural proteoglycans within the synaptic cleft could also contribute for insulating the β-neurexinneuroligin-1 pre/post-synaptic adhesion.
The chondroitin/keratan sulphate proteoglycans of the nervous tissue may direct the axonal migration. On the other hand, heparan sulphate chains enhance neurite outgrowth, and they also affect the polarity. Similar intervention in mature animals has no effect.
Phosphacan (previously designated 3F8 or 6B4) is a chondroitin sulphate proteoglycan that binds to neurons and neural cell-adhesion molecules (Maurel et al, 1994; Maeda et al, 1995; Garwood et al, 1999 ).
Cloning of this proteoglycan showed that it has a high homology with receptor-type protein tyrosine phosphatase, formed by alternative splicing (Maurel et al, 1994; Sakurai et al, 1996) . It binds with a high affinity to nervous tissue adhesion molecules Ng-CAM and N-CAM, but not laminin, fibronectin, or collagens.
Tyrosine phosphatases function together with tyrosine kinases regulating protein phosphorylation, and they can mediate their actions through signal transduction system of the cell.
The consciousness is known to be product of the cerebral cortex activity. We can 'realize' or 'experience' something only if there is proper stimulation of certain areas within the brain cortex. In the β-neurexinneuroligin-1 quantum model of consciousness the interneuronal entanglement is supposed to occur only between cortical neurons. However arises the question why quantum coherence cannot be achieved between subcortical or spinal neurons considering that β-neurexin-neuroligin-1 link is widely presented in the CNS? I suppose that the answer should come from studying the unique molecular synapse structure between the cortical neurons.
Quantum teleportation between cortical neurons
In the QED-Cavity model of microtubules Mavromatos et al. (2002) show that intraneuronal dissipationless energy transfer and quantum teleportation of coherent quantum states are in principle possible. In the neuron this is achieved between microtubules entangled through MAPs. The β-neurexin-neuroligin-1 entanglement could allow such teleportation to occur between cortical neurons! The entanglement can be used for quantum transfer of tubulin states between neurons; the state of the recipient microtubule then could affect specific intraneuronal processes.
The hands of consciousness
If our conscious mind is in the "quantum coherent cytoskeleton" then it should have some power to influence the synaptic activity using its free will in a uniform way. This is so because everyone can immediately move his arm, leg etc. or say something. However because nobody can commit to memory at once a poem this means that the conscious thought acts much slower on synaptic plasticity. Such kind of arguments can show us, which brain activities are immediately connected with our free will, or with the possibility of our mind to collapse the wave function (motion) and which brain activities are only influenced by our "internal thoughts"
(memory storage, motor protein dynamics and synaptic plasticity etc.). Of course, we are not "consciously aware" how exactly both types of activities are acted upon by the cytoskeleton. Thus 'unconsciously' our consciousness influences some of the intracellular processes and has diverse effects in the cortical neurons.
Following our own experience we can say that our consciousness has the power to act or not act in specific manner depending on our will. If microtubules just do quantum computing how this could affect the immediate neuromediator release. Stuart Hameroff supposes that microtubules control the axonal hillock potential but do not provide any concrete mechanism for that. It is quite dubious that such exists, because the axonal hillock potential depends on voltage gated ion channels that do open by changes in the membrane potential! Somehow surprisingly the model including the β-neurexin-neuroligin-1 entanglement not also answers how interneuronal quantum coherence can be achieved, but also gives answer how the synaptic vesicle release is acted upon. The neurexins are essential ligands for synaptotagmin -a protein both acting as a calcium sensor and docking the synaptic vesicle to the presynaptic membrane! The conformational states of neurexin can directly or indirectly via CASK and Mint-1 control the exocytosis. The basis of our new understanding of consciousness is that it is "fundamental feature" of reality and is something dynamic describable by complex quantum wave born into existence by a conglomerate of entangled proteins -tubulins, MAP-2, neurexin, neuroligin, CASK, CRIPT, PSD-95, protein 4.1 etc. In this new model every protein species has its unique intraneuronal function. Thus a fully functional body for the mind is built up! All intraneuronal processes (synaptic plasticity, memory) are influenced by the "protein body of the consciousness" -the motor proteins are moving over the microtubules, the β-neurexin-neuroligin link is the core of a new formed synapse, the neuromediator receptors are anchored to and organized by the cytoskeleton, the synapsins are docking the synaptic vesicles to the cytoskeleton, the scaffold proteins drive exocytosis etc. Some of this molecules (kinesin, dynein, neuromediator receptors), different types of vesicles, actin filaments, enzymes etc. are not in coherence with our "conscious quantum state", so our consciousness is influencing them not so easy, not so fast, and not by will.
Quantum tunnelling and neuromediator release
The model proposed by Frederick Beck & Sir John Eccles (1992) introduces a quantum element into the functioning of the brain through the mechanism of "exocytosis", the process by which neurotransmitter molecules contained in synaptic vesicles are expelled into the synaptic cleft from the presynaptic terminal.
The arrival of a nerve impulse at an axon terminus does not invariably induce the waiting vesicles to spill their neurotransmitter content into the synapse, as was once thought. Beck argues below that empirical work suggests a quantum explanation for the observed probabilistic release, and offers supporting evidence for a trigger model of synaptic action. The proposed model is realized in terms of electron transfer processes mediating conformational change in the presynaptic membrane via tunneling. There are principally two ways by which the barrier can be surpassed after excitation of the presynaptic neuron: the classical over-the-barrier thermal activation and quantum through-the-barrier tunneling. The characteristic difference between the two mechanisms is the strong temperature dependence of the former, while the latter is independent of temperature, and only depends on the energies and barrier characteristics involved! Thermal activation. This leads, according to Arrhenius' law, to a transfer rate, k, of
where VC stands for the coupling across the barrier, and EA denotes the activation barrier.
Quantum tunnelling. In this case the transfer rate, k, is determined in a semiclassical approximation by (12) ω η
with V(q) -the potential barrier; E0 -the energy of the quasi-bound tunneling state; and ω η
The quantum trigger model for exocytosis developed by Beck & Eccles (1992) is based on the second possibility. The reason for this choice lies in the fact that thermal activation is a broadly uncontrolled process, depending mainly on the temperature of the surroundings, while quantum tunneling can be finetuned in a rather stable manner by adjusting the energy E0 of the quasi-bound state or, equivalently, by regulating the barrier height (the role of the action potential). A careful study of the energies involved showed that quantum tunneling remains safe from thermal interference only if the tunneling process is of the type of a molecular transition, and not a quantum motion in the macromolecular exocytosis mechanism as a whole. However if the tunnelling is multidimensional as shown in certain enzymes then it could use the thermal fluctuations, so called vibrationally assisted tunneling. In further work Beck (1996 Beck ( , 1999 attributed the molecular tunneling to the electron transfer mechanism in biomolecules. In biological reaction centers such processes lead to charge transfer across biological membranes quite analogous to p -n transitions in semiconductors. The mechanism is based on the Franck-Condon principle and was worked out by Marcus (1956) and Marcus & Sutin (1985) . Beck doubted that the distinction between the two activation mechanisms could be tested experimentally in isolated hippocampal neurons since one would have to vary temperatures at least in a range of ± 5-10 o C. that matter is usually treated as a particle. However it can also be treated as a wave (wave-particle duality).
These wavelike properties, which move our conceptual framework into the realm of quantum mechanics, enable matter to pass through regions that would be inaccessible if it were as a particle. In the quantum world, the pathway from reactants to products might not need to pass over the barrier but pass through the barrier by quantum tunnelling. Quantum tunnelling is more pronounced for light particles (e.g. electrons), because the wavelength of a particle is inversely proportional to the square root of the mass of the particle.
Electrons can be tunnelled for distance of about 2,5 -3 nm. Protium can tunnel over a distance of 0,058 nm with the same probability as an electron tunnelling over 2,5 nm. The isotopes of hydrogen -deuterium and tritium have increased mass and tunnel with the same probability over 0,041 nm and 0,034 nm. Klinmann and co-workers were the first to obtain experimental evidence consistent with H-tunnelling in an enzymecatalyzed reaction on the basis of deviation in kinetic isotope effect from that expected for classical behaviour. Since their proposal of H-tunnelling at physiological temperatures in yeast alcohol dehydrogenase (Cha et al., 1989) , they have also demonstrated similar effects in bovine serum amine oxidase (Gant & Klinman, 1989) , monoamine oxidase (Johnsson et al., 1994 ) and glucose oxidase (Kohen et al., 1997) . Tunnelling in these systems was described in terms of static barrier depictions.
The pure quantum tunnelling reactions are temperature independent, because thermal activation of the substrate is not required to ascend the potential energy surface. However the rate of C-H and C-D cleavage by methylamine dehydrogenase was found to be strongly dependent on temperature, indicating that thermal activation or 'breathing' of the protein molecule is required for catalysis. Moreover, the temperature dependence of the reaction is independent of isotope, reinforcing the idea that protein (and not substrate) dynamics drive the reaction and that tunnelling is from the ground state. Good evidence is now available for vibrationally assisted tunnelling (Bruno & Bialek, 1992; Basran et al., 1999 ) from studies of the effects of pressure on deuterium isotope effects in yeast alcohol dehydrogenase (Northrop & Cho, 2000) . Combining the experimental evidence, the argument for vibrationally assisted tunnelling is now compelling. The Catalysis is driven by quantum fluctuations that affect the protein conformations. We could therefore generalize that every protein driven process (transport, muscle contraction, exocytosis) could be referred to as a catalysed process and thus quantum in nature. The most important here is to note that the pure quantum tunnelling is temperature independent. In contrast proteins have evolved mechanisms to utilize the thermal energy -vibrationally assisted tunnelling.
9. Retrograde signalling during learning-dependent changes in synaptic connectivity Both, neuroligins and β-neurexins are the cores of well-characterized intracellular protein-protein-interaction cascades. These link neuroligins to components of the postsynaptic signal transduction machinery and β-neurexins to the presynaptic transmitter secretion apparatus. It provides an interesting and simple mechanism for retrograde signalling during learning-dependent changes in synaptic connectivity. Indeed, the β-neurexin-neuroligin-1 junction allows for direct signalling between the postsynaptic nerve cell and the presynaptic transmitter secretion machinery. Neurophysiologists and cognitive neurobiologists have postulated such retrograde signalling as a functional prerequisite for learning processes in the brain. 
